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lit iSetieral 

bith t he catling up of mm Bit»:|<waat® fertiliser plant# 
and tt mi ones already existing in Sadi a* Di# country 1# faced 
with til® problem of treating it© waste* Aed definitely the problss 
Kill he more m:i move in fata re* The eeifpe character! sties of 
fertilise# waste is Its til#* content of apaaonia nitrogen* A® high 
m 999 mq/% of aamonie^itsogdii with © flow of 9*8 iagA» at siodri 
fertiliser Unit# Table I# and 1160 mg/l. with a flow 0*565 irgd at 
Urea Plant Kanpur. Table It haw been reported lilt 21* 

The harmful effects of taking tts@#@ wanted untreated to 
lakes or str®a»® are wiU<4om»Ai hitrogen even in oral! amoa*-* 
t ration# act© an a fertiliser and encourage® heavy growth of algae 
and other planktons, so ok of tho ill-effects of mmmmimm algal 
growth haw been aiaMrarlssd by Lackey (3) as ; 

(a) Clrowth of toxic algae, lie quoted an examples of Oyseters 
being adversely affected by the growth of an undesirable species 
of algae* 

(b) Aesthetic effect* oue to growth and decay of alga® natural 
water# get a soapy appearance# and acquit® unpleasant tastes and 

odors* 

(e) . b@o3tfgensk.ion of water®. Tha pbofc ©synthetic plants produce : 

TOpersaturatton in the* itytlae ancl oxygen depletion at night* Such 
entraaity of anvlxontfcnt i« not suitable for many agnatic lives* 
More serious problns is er@at#ai when* after reaching a high level 
of growth# they start dying possibly due to their own ©secreted met- 
abolites. Oxygen •deletion da« to au«h deca^sosifeion la fast and 
there is no teplaassmit from photosynthesis * 
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Lastly it is ©a®?© oted that mmoak* at tii#t eoneentratlon 
will to® tossics 'to fish Ul«* 8v*n after dilution of fertiliser waste 
In a stress, ««m la content say to© high enough to cease hazard* 

. Possibility of satisfactory tnMMtt of fertiliser -west© 
toy our conventional biological processes lit* activated sludge 
teens to toe reanot© because of high asrofiia content of this waste* 
Various other methods for the removal of nitrogen era toeing consi- 
dered and investigated these days. A classification hat toeen given 
by Eliasseto tot al (6) • ’fable III shows a list of these wethods to- . 
gather with their removal efficiency, estimated smniing cost and 
the font of the ultimate waste to too disponed of* cut of ell these 
methods a few need elaboration here* 
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Siologlcftl treatment - Jr# any biological tmitinenfc 
ptoce?* ©fgaaiif®*® need nutrients llk« nitrogen auS phosphorous 
besides the main organic food* Ml these organic matter# nitcogw 
and jphosjihotmi® are synthesised into cell material wfil«f» can tom 
clarified later# The feasibility of this method will depend 
largely m the amount of organic substance inrailshle* If the gross 
conf^sition of biological growth 1® assumed to be #• organic 

wattar needed to balance' the nitr®§i® ©f ftitlUwr waste will be 
to© high to ho of any practical value* 

Alga© harvesting - this is eeecapliehed using specially 
designed shallow ponds* Salable and colloidal nitrogen are bound 
to algal ©ell tissue* Coll growth may torn represented by the followrii 
equation 

aC0 2 ♦ *mj ♦ ePO* ♦ (c+3e)if* ♦ % Cb-etStfHgQ ^ 

b Sc 4 So 1 

Ca Hh » c 0^ % ♦ Ca ♦ ^ ♦ «•** >02 

Dlaadvarat ^ges with this process are large land regnliCHMWt and 
disposal of algae* | 

Ammonia stripping - in wastewater «mQftius» ions exist in 
scjuiiibrlum with ammonia and hydrogen ions as shown by the citation 

mm% ^ mm% ♦ «♦ 

a® the pH is raised about seven, the equilibrium is shifted to 
the right# and by agitating the water with the help of air* awo* 
nla can tm liberated* heedless to say fehi© Method will be er&nonl* 
eally feasible only whm a mmon ia concentration In the waste in 
quit® high* m for the fertiliser caste# «wos la stripping cat 
toe used .as & primary treatment process* 



&lec&r©ehSRiical treatment - So this method sewage Is 
mixed with sea-water and passed lot© a ©ingite cell with carbon 
electrodes* Because of the higher density of mmm uwter it 
mmmlAm at the betto m around anode ana the mixture at the 
top around cathode • Current raises the pH at cathode# time 
precipitating phoephorous and ammonia a» Ca$( and N/K1W4 
along witk Hydrogen bubbles# generated at cathode# lift 

the sludge to the surface where it can be afciassed and chlorine 
at the anode provide® for disinfection. k 

band application - Ummw&l of nitrogen by this method 
is mainly due to physical adsorption of ammonium ions lay mi 11 
particle®, hitrate however passes unchanged through the soil 
system. 

nitrification - denit ri flection process m By this time this 
system ha© drawn considerable attention* nitrifftsntian unit utilise© 
acme aerobic autotsope which derive their mm rgy ire* the oxidation 
of ammonia and nitrite* The denitrification unit employs sob® 
anaerobes which are capable of reducing nitrate and nitrite to 
nitrogen and nitrous oxide Which ultimately escape into atmosphere* 

1*2 Scop® of study 

^ The present worls relates to on© aspect of nitrification and 
that is "influence of temperature on Nitrification process** It Is -y 5 
generally believed that in any biological system velocity of react* 

: 

ion can be improved with increasing t«i»xatur«* bacteria can with- 
stand a limited range of temperature with an tntmwmMmtm tempera* 
turn of maximum growth* wed also is noted the fact that fertiliser 







> 

bacteria, lj|fcttfiaBHiaa& msmm& b®iB ] the wort cowsott one. Later 
nitrite is oaddlned to nit rot* (HNOg ♦ ¥^2~^ by otter group 

©f teetaria, Mlfeggfeftgfcsg: MliaaSifeli. being tte noofc cawoa on®, 
fable 4 and 5 infonmation* regarding SitK»®«wona© and 

Kiticeteofear ( 7 ) * 

TAMM 4 

utTmmMmm mm&h&h 





TABbE S 




Order * ?seudamonadales family i Ug%mbm€fo®t®mm 

Short, Noil' - motile rods with gelatinous mcirsbraae, 0,6 to 
0«® by i*o to 1*2 microns. so not stain seedily* d ram-negative * 

Can be cultivated on media free of organ!© matter, Sensitive 
to certain organic expounds* 

hashed agar colonies s In 7 to 10 days very small light, 
Crown, circular to irregular colonies* ixscastlng darker* 

Silica gel i iolonie© smaller Cut more dense titan those 
aft washed awer* 

« 

hashed agar slant * In 7 to 10 day®, scant, grayish streak. 

Anorganic solution medium t After 10 day© Hoestlct 
sediment • Sensitive to ammonitas salts tinier alkaline conditions, 

nitrite isr> oxidised to nitrite. 

Aerobic* 

strictly autotrophic* 

CpttesSB temperature • between 25°c and 2®®C 
Source $ soil 

Habitat* FrepamaMly widely distributed in soil* 


^Dsniftl f iestlon* the process of forming nitrite HjO or Hj 
fra® nitrate® was observed a® early as in i§®§ by Sdhloesing* “In 
Its essence the reaction of nitrate is tins us® of oxygen of 
nitrate as a hydrogen acceptor. Consequently a scare© of cxwbivksdi 
hydrogen* i«e*« organic matter, and a limitation on the supply of 
free oxygen, are needed*, (3) 

The following are the Intewedlate steps in the Osnitxi fl- 
oat ion process. 

W© 3 ♦ 2(H) — *■ HS*0 2 ♦ H 2 0 ... Cl) 


nitrate 


nitrite 



*# * 


mm 


2 * 2 (H) 


Ui) 


Ritrlte 

♦ aim 


#** 


%i« a ii 2 o 2 ) ♦ h 2 o 
bipooitrit® 

nitrogen (gas) 

Hyponltrite is unstable md cm undergo bnaMoM slf £ ferently* 

(»# 2 0 2 ) > %f 4 » 2 o • ** Uv> 

RititHif asd-.ie (g) 

There is evidence of nitrous exile also boifty xmMmA 
to nitrogen gm* 


HjQ 4 2(H) 


H 2 4 m 2 o 


* * * (v) 

jdsttifcgiflflaM. which ordinarily reduces nitrate to nitrogen# 


is able to synthesis© "adaptiv# enry»a w for the reduction of 

®a 0 (t) * EamltelfcgfcE MsJgeasaE^aaa can rapidly 4 te©£»p©s© i 2 0 

while iDeaiitrobaeillus &emm to act slow (8)* j 

Reduction of nit rat* to «w*©tsla ia also possible* fits 
r« 3ucina bacteria include a wid« variety of groups like Asotobacter# 
ftadiobaeter, Besulfovibrt®, fiaalfcalM^^ , 

mil m the case of £U-J<alfifaU. (10) even hydrogeii 

gas can act as a hydrogen donor* The reaction goes Ilka 

HB0 3 4 4»2 W» 3 4 3H 2 0 #*• (Vi) 


2*2 Effect of Tmmmr»txim on Bacterial Growth 


Rate of any chemical reaction is eidianoei by i m&msm in 
tcs^rafcuiis* .ana it is mt difficult to imagine that bacterial 
growth also is affected by zmpemtwr® In m stellar way whet* ©n© 
considers that ©asymatic reactions am surely of efiamleal nature* 

B mmrmr, growth is an CMtecma ©fa sequence of reactions and one 
roust expect a certain complexity in the variation of growth-rat© 
with temperature* nevertheless* it ha© been observed by many workers 
C U> C 12} i 13} that agglceieration of unorganised ay stasis leads to an 
appmxJjaafc© accordance with the irttenttfi Law 


d InE 

' dr 


B 

5r* 


where K is the velocity of reaction* £ the energy of activation* 

» the Universal gas constant and V temperate ore in absolute degree* 

Barber* a wort. (11} is roost widely quoted for effect of 


temperature m bacterial growth* He plotted, mean generation time 


m a function of impe-ratur®* in lower temperature ranges the 
rate of growth ot bacteria increases rapidly with increase in 
imperatur©# the Change being .about two to three fold for ©adh 
i#*€ rise in tswpereturv, Fig. (l) , upto jgfle generation tiro® 
drops, between 35° and 45® it remain# almost must ant, and 
between 45° and 30 ® it ificseaess very slowly. At still higher 
teepermtaies growth fail® eoepltely and the cells etc hilled* 

Ingraham Cl 41 ha® studied -a peydhrophile and a meacphlle# 
and has shown the essential validity of Airhaniua eolation# £$g*(2) • 
He plotted logarithm of growtti-rata against inverse of temperature 
in absolute degree* both the curves mm linear over the lower 
ttmaaratwr© range* giving a temperature character! st ids of 14, loo 





fee made m • This limitation in the ease of biological growth is 
stated bo fee da© to inactivation of ensp®®# sod ooagali&ian and 
deestaration of cell material at high t stearate r©©» Haas M^fe 

bsi*yj« in a second series of reactions# vis*# ©o&fju~ 


Infclon of protein ©fee* 

A complete and logical fosamlation for growth caostsnt 
lias been proposed fey Riaibelwood ( IS) • th® equation is 


^ M -*l/*T «■*/** 

Prn m Pt® ~m 


where fx% jog are constants, £| E 2 are known as tsnperatiige 
iftaxacte ri ©tie or Arrhenius constant* T is teaperature flR 
and K is the universal gm constant* 





2 * a * 1 

^h® minimum tenpexafeaxe* at *h£dh bacteria mm multiply 
i» difficult .to deteanlite aeat«^«ly, beca«s« there is so sharp 
iaclinatioi* is tli© gnomsh rate at low taopataMuraa* Moreover# 
with dtecswas© in t«tsp«rstapi* ganerafeion tine goem an ©xteiiding 
very mdh. Is fact, Ingraham (14) lias observed generation tl m» 
as long a® 103 Sir®* for this reason eon® suggest that is defc®*®*- 
icing the ftininw tensperatur© Incubation bs eoBtimid for a wash 
or so* 

Many bacteria are lei llsd by eooling down to O^C* "the 
*»«£*«iii«s by which freezing till® bacteria is believed to be 
the disruption ©f ceil organization by the formation of relati- 
vely large ice crystals# Yet there ar« ieany who ©as wrviv® at 
each twpeiatttree (8) * l.«,Qolt was found to survive better at 
»Sld%2 than at -2°C# is eras® stored for a year at - 23 ®C the 
total oanstb was reduced tram 2% million per c»o* to only 
480 *'000 per «*©* Milk-souring organic®* ^*la©tlg. Is gelatin 
or in water* survived ill day®* iwsarsion in litpid sir <-491°0 
or 45 minutes is IJUpld hydrogen (-253°C) # and mbaequenfely free 
at the ease rat* as controls* Salmonella tvahoaa have been isol- 
ated from ice crow kept for few© year® and fair months at -20®c. 

P®y<&rophi l®s* fell® so called “cold loving* bacteria# which 
predteeinit® at lea temperatures over others# can even grew at o°c* 
How the#® bacteria can grow at this temperature or rather the 
rrathaniw of their survival has been of considerable interest in 
races t years* Ingraham (16) has discussed end evaluated the Merita 
of mmm at the explanations* 


its 9soj«olioii iMflhei ®°C on the positive ©id© of gsonth rat®* 
Hon that the slope represents activation energy# it lias been, 
veil asanwsa lay «®<® people that the psychrophily pcopasty 
lies In th® basic nature of their ensynee ©f having lessor 
activation energy* The theory, however, has hewn disapproved 
by Ingraham and Bailey (it) atm studied eell«fre« enspte® fro© 
tsyeferephlles and Heeophlle* and fauod than identical with 
respect to temperature characteristics • 

(tt> Hie fasspi.anat.iort that Psydhj»phil<ts contain larger 
sa«®ts of eneptei doe® not seen to hold ground* •Becaasa at 
about 8°C the growth rat® of Peychrophiles is woe* than 100 
tfstee faster then the growth rate of hesophiiaa# and it hardly 
mm» possible that they could contain ©ore than 13© times m 
much #B2pie ,# * 

liiil Brown and also Ingraham end Bally have observed that 
^sychrophiles have 1mm temperature characteristic than Heeophil- 
en for the oxidation of certain substrates* flat the difference 





ecpation® of heat fife m fottnd fey thorn are* 
log |0 |t * 0,0413 t - 0*944 (9 In 

In the cm® of tiifcsoeareona® and 
l0f|0 |x • 0,0259 t m 0.492 
in the can® of Mitsdbacter* 

Keeophliic bacteria in kiilad hf espiare to temperature 
of 50° to 40°C* Protein© the oonetltulng naterlsl of mil cannot 
withot«4 this toonpo-cofearo# and or® denatured and oeapitltd, 
2*2*3 effect of high ffwBoeratnre and the Httwotfillet 

thermophilic tenet exin nr® found in nature to hot springs, 
sewage, the intestlitni content® ©f eertoee aaieaia, in the air* 



tem the Tteswophile are found to km SMurkoi heat teabifity. ©is 
the- other hand* it has alto teen shown that pyruvic *ei*§ oxidation 
eye tee of the mr& Ttemophiie gate inactivated* hut not efha* in 
the Intact ceil# at <®PC. So it can be ieCered that mom cmayetee* 
Deft not all# iron Vbmtebilee have greater teat stability than 


those of tteaophil®®. 










mm be applied 


Equation t om integration gives, 

» |%«t • •« «•• C2l 

•«fs©r© % la the number of bacteria initially present# 

If **p* is the rate ©f xseati metabolic activity ©f each cell, a© that 
*pX* le the rat® of ©ftaboliset ahiefti may be sapraaeotoA by rat® of 
oxygen uptake# for X cells# 

Elation 2 can be re-written aa 

log^-fij^ « %.t *•• 

or j»X «* ' ### 


n» 


* ♦ * ’t€l 

. #r 


* 





*wr solving for in tbs a bow#? equation# Ouastel «t al 
slmpiified this ai$aatio*i further by assuming is pud* larger 

aonspared to unity* this einpli fleet ion is not well Justified when 
t is small, end one considers that fa^ «ay be as low a® 0*2 pmw day 
et ®*3®C for liitrosossonis and 0.5 par day at 3*3° C for lilt robaetert 18) 
A® e method of solving for j% # it is proposed horn to use 
finite difference method in a similar way ns has been used by fusi 
Mofeo (24) for solving for mm rate constant* If at every •ft’ unit, 
interval of time* orygan uptake reading® are noted* then* 

ft * ^*(^**-1) »** *.* tt) 

/a* ... *,* (§) 

Substituting for rf* 8 * in equation 8 from equation t# 

f %4|s - ■ .** *** (ft) 

®he variables and y t result in a linear plot and 

the slope Is a measure of ,/%• 




cftilorld «* The fe«a solution %#&§ fcaffotr* to pH 3*1 wLtt* phosphate 
buffer of ooo tooth laoiarifey containing outrlonto os MtMl 
later* Initially Mtrl fixation proceeded at m. ®Xm* rate end the 
nitrifying bacteria built up profusely within a ueefc as is*i&«it®i. 
by the eotoot of nit rl f ication » 

chloride of d* 0S molality aft& ms&ixm nitrite of 
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XnotgaMia Saits 

f« €i 3 . $ HgQ 
Mff »** t H 2 O 
K 2 ^4 
Cm m$ 

m k»3 


3.3 %mmxm 

Growth ♦ rites of KltcDsoneoas and tUtstkaotar were 
followed it waxturg Rmepltowitor* separate flasks were uaa& 
far amenta and ait fit# safest r^tas* Respiration in tm» replicate* 
far ©©eh ease together with a ther»Kibarcta«ter were observed* h 
few gwmm of sand granules were taken out fro* the nitfifyiitf 
reactor# washed several tise® with distilled water to wash away 
actsmmia* nitrite and nitrate* and dried fey peeking MMM 
filter paper©* the®® •active granules* were then «i«s§ aalfoaely 
with blank and particles* 'feeds pemm ter flask «a® filled nfctli 
fair grape of this piped soil and tee ©illiMter® of toed sola-* 
tioe* TMa castlsitiatioti provided tor adequate oxygen ©apply fey 
diftiasioB through the liquid* Shaking was adjusted to about 
4B oseillatiofi® per ©Haute with an amplitude of 4 «*»• tba 
■rlarfearg flask constant® were calculated fey using the fowala <27> * 


Amount 

0.12S rg/i* 
25 *00 ng/U 
3*00 agA* 
50*00 *9 A* 

2 »*oo *g/l* 



-Mint Ski iff* 

• 1k«K 


where# 

* » &Kfgm apt ate in pl 9t 

**§&}. tat. i*ygr Jttte .i frfa c Jig Jutcst -jafctegw *&«k «#*«<*. .saw Jt’ ^ d&S&ta&S&L 

O Si GME HI &IEI 

Vg a vtilttM of g®s to tf m flask in /nl«« 

V| • volume of fluid in the flank to /&!•» 

¥ a temperature in % # 

«t • wluMUif of omfgm in ml of % diwoM par ml* 
water# 

f* 0 «. standard pressure a 10,000 mk #f thro&ie's fluid# 

k a flank const auk* 

in *.a»»i» 3 V fl . vnl»o of nod P««lcl« «*«, In th. «•*. 
besides the wlnm# of liquid, was excluded fssi wlusse of Hank* 
(see appii*diie ft for flask constant# table t and acliaMULiky of 
oxygen in water table 8 at different tsatpersfcurss) * 

The respiration rates wero determine at ton different 
t«s^ojratttir«# in the range between 2€J$G and 4i*S°C* 

2*4 analytical Toedaiioaes t 

Mb the end., of a mn final concentrations of 
nitrite and nitrate were determined ethically. 
ftwasnia i Jiawonia was determined ®p©efc roph©fc«set rie&liy CSS) by 
using Kessler® fteggocfc* The standard calibration ©usee is shown 
in Fig, 3. 

aitHte i Salfanilie sc&dUeiap thyl m i sse hydrochloride method (23) 
wm followed for, nitrite determination* The standard »nre is 
show in fig* 4* 

mt^fem wit rate was determined photoaiet rieal If using a*ueio« 
ml£milt<s acid (28) , The standard etaiye is shown in fig* ft* 
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Kinetic® of bacterial growth ha© been studlod by sissy ■ 

waiter® in different ways* Xngrahw 1 14) util ised “turbidity of 

the hMImi" a® a w»r® of growth* la studying B*Cell is 

tr$fi%ic®ee-®®y ©Mi* he (feserved* at intervals of tits®* turbidity 

photometrically at 4S0 apt* ite period la Which turbidity doubled 

i« obviously the generation tin®* 

Knowles et ®1* (IS) utilised feshausfclofi of substrate* 

and “production of metabolites* as a measure of growth* fhaf 

studied nitrifying bacteria, and follow®! the of 

mhmmkI®# nitrite and nitrate with tin®* They obtained growth ck»~ 

stents by fitting the data in an equation whose differential fens 
« *« 4tx _ *&_ S 


«* K* ® S 

la th® present study "oxygen uptake* or the “respiration* 
of twstasria has bee® take® as a imaur® of iiowtli* Oxygen uptake 
of nitrifying bacteria haw bee® oimermd at internals of time 
is A® Marburg Reepirosieter* this method is supposed to be s*or® 
accurate than any of t he two ssethoa® previously described* 


«*U 


.era *r r > 


Sine® wssi® workers reported that growth ohetaoteclsti«i 


of nitrifying bacteria are affected by substrate ooncetitrsticsi 
a trial run **e »«d® at 28 * 1 % with different oonettotrotlnM of 
aswronia* Oxygon uptake plot© are shown in Fig# 6. hegnitud® of 
growth constant of elation i was around o*43 day***- for can* 
ecatratioaa of 0*03* 0*03 and 0*01 n* indicating that growth 




At o»l M assnoot a# oxidation w mash least possibly tMa 
«oMNNMAmt&ott at anmeeiia Is inhibitory to nitrifying bnetmeUu 
At «naoa»t«at&oii» *-001 « and * 00 $ n mmmt*» growth 
emmmt Is pretty 1®# « e«?j»ar@$ t® those at higher ©oneon** 
trash!©**®* This show© that suroead end below 0*00$ H (To og/t*) 
M^dt* growth of Kitreaueonaa i m retarded with the depletion 
of sabetrate* fill,® has beep farther eonfimied by tit* nature 
of cares for 0*01 H (140 mg/1.) P%-t§ in the ©nine fig* The 
•loo® of the mm® started dropping distinctly ©hen oxygni 
consumption wee ©rmso*l 4 oo ing/l • or ©h«n MRy«|l ecwwentrntion 
roSuesd to 2$ tng/i. Here it ®ay he recollected that Hicbalefe 
constant a® found by Knowles for Klftosesonii Is arm*®* 9*0 mg/1, 
of Wft 3 «*» . And in that ease it i® not smpiisi^} why the curve 
started felling at ©round 25 mg/l. 

Howeser* in all the studies reported here* ©tatting 
•MsndBAe concentration is 0*05 H (Too atg/1*) so that even if 
the concent ration retecs© to as lee a® 100 iag/1* there will 
not he mg apareeiabie error* 

4*1. $ l^feetJB^Lteatiee- -fijonsildit 

At 40^3 ri$« 15 in the flask© containing nitrite# ell 
the sand particles present mm active granules taken free ‘seed 
reactor* * It will he seen that after ateatst 10*12 hours# ©sygan 





ssfcenfc of «h» total sand paxU4»»« 


t to ttib&o 18 (ApponOliK ®l 8 km oxygon uptafea liy 
sofas and MittoiMKftoof' at diffomt m 


At l &m and of MMi final mmm&mtlmm 


of awtoola# attsit© sod nitcot© as© iMMttdomd* CoronafnatflBa plots of 
o«fp» optate against tiano mm sH&m in fig* I tton# fig* It* 


T© «w&ttata fosotii cNmst^tit** finite 41 f fatten* 


aoceHlsal on page 28 la# &©e® employed thioa^hotit* til oath plots fmm 
mt bmm stoma* itwtawS % mmpl® plot Wig. if i® shown in Appandisi c* 


tsfat® ip mmmwimm mm m mml%&* 


Tims if 


aponpH ew 5 «»csf 
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FIG. ?. OXYGEN UPTAKE FOR AMMONIA AND 1 
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FIG. 11. CXJGBI UPTAKE FOE OXIMTIGH OF IMSOIXA AID HIT EBP: 
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Olviag about 12#® p»ire«*fe iscteas# iit p@r dagjwi® oacfet 3 *a&*» 
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PIG. 19. VARIATION OF GROWTH CONST ART WITH TEMPERATl I.S 
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CMI ooft <1SI mm ©aiapftMtei « to tho«* ase# by 
Gotnao C30) for dfeoxygenotlon ooeatset it of 

Km O* %«» 

%» 0 m0m mmm fltllf 

wh«f» © i« onllod ftaisp©rafc»» «»@ffidl«it* m& % 1# 
tmpoxo&tKx* in %* 

II# oataf»#d ta^»r«tn» ooef£lci«mt ranging tee outfit to 

Corpofttor et af ($1) also is**! Stella* espafeloti Ohllo 
•Myl m3 ft »• offset of tmp&mtmm m tcentMot of pope? mill 
li o#t©* Ho tent © mi i*oil» 

Howowsy ft shoulft b© realise*# test *3s» tftMwe ecfnotfonn 
oxo voiid fox a Ma&toft nog* of t«p*rn*air«i only* tkqpa&IOB'tlt) 




i* - ... ... un 

Bmmmw Mitts farther i mmm® in ii»# that, afcove eeju&tioa 

apparently doe* not hold good, and }R»i* «o©sfc«it fail# off in 
the negative ©iife Mitts iRereaaing tanperarem* ^wpm inactivation 
and ftanMNNurattioll of ©oil notarial «ti feao*n to ha mm® of tb© 

of this lowering of growth# mTisheivood hm 1 ac&ttdod a ®e» 
oood tom in tlto above erratic** to tail* eat® of this effect# -Sh© 
ncnplota ©epatieo take* the i&m 4 

M * - #*V» ... ... cm 

the tc»petato« characteristic Sj m detensinod fan* tte elopt ©£ 
tfa initial portion of the mmmm in 0*3.50 ©aMiel® for tho 
esdiatian of «wo»i« by bitreaeneiiaa and in If* too cals/Vaoi© for 
the oxidation of nitrite by ftfMbnatag* 

lograhap (14) found a value of 14*200 mlm/molm in Use 
mm of EXnH and for the same bacterium Jfabason and Juouih (D) 
found ISiOon caln/teoio* 








Sine© Kg is tauc §i larger earpaxed to (nor© th*» 

«ho«ih five tte@©l# the ©acond tern in tho ahowe w-m ® ties te 
ii©gli*ll3&© w to tiM first tom in the 1» «®g© -of 

UipMMin* A®tsl «e a remit m got a «tial#i lino is feh© 
pint of teg /ii mm&mt %/f °%» 'ten tko tmvotttttas te itMsreaoed 
Atfthog* the socwud i mm t mtsa m m to ft tut one# mmS 

th© msmm of «mmU ©jtid«fci<?n and nitrite oxidation 
tluBewdh a tmpetrtry stationary phase* with ©till farther kmmrnm 
in ton^emtate* the mmmA teas oatw«i#i® the first one# «MA 
nine© % is cpit# high the curve© top with tmepms&imm rapidly. 

OtHixitiMi ttee cnA growth constant oso related % 

tg #• leg® 2^s *• * •*• thW 

©©©©fatten times hev© he€» ealeutlsfcea fetus growth oo» otaMh 

«t oattfeon* tmpemtoxos* ■ end plotted in fig* 22* ■ 

c*oa ration timr of opto 32®© to 

a valise of o*fi dope end then la orooa nd ecwsiderafcly to a valise 
of 4 *a 4«j f® ist 40% * that of BltiohnOtor d*^tcsiiii#a. feen • M#fe 
waits# of 4*9 days to a waits© of o*W day© at 3®% and than 

Ot&St©& ifMjflOW ildJ M I* 

vpp ihfwtw -WMlP^Pp||pg V 

ffco ophlmt* tempesstuso for th© growth of Jtitfcoowwfsoo 
»«*s© to he «cp*sd 34% «A of Kitroteotor aramfl. 3S%. 



PIS. 22. GEHEHJTIOH TIME OP HOTIPTOIG BACTERIA AT DIFFEHEHT TEMPERATURES 
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Saaod m the 4bove following ocneittidMi 

«M» fcO drawm 

1* SrovtSs® of SltroacmoiMa nod Mitrofcaetor *r© affected 
oonel&rai&y By varlafctm of temperature* 
tm oxevtli constant^ varies ften o*U9i da/** in its® 
Piatoa» to 0»9»3 d^T J in the MUrfsew* for Hitjnsaawmw an® 
frcin 0*133 da/* to 1*14 dasT 5, for «titi»fe*G**r* 

3* optlim temperature for growth of S3ifefosa»®a# is . 
asnuod 34®te a»<3 that of Kitzobaet ®r is around 3S®c« on both 
higher and lower sides of the®® optima* growth is aCiaefesA 
a&vncaa&y# ft m .rate of tMs effect at ittersssitig tae^ocai turn is 
noth moss than at aaermasing tmspmmtMtXm 
4* ©nowth of Hiti»«83mo«aii mm he increased about ii»§ 
SMixosote per degree rise in temparators* at$& growth of 
RftiojNRStar a8»»« 12.0 percent* provided the teiepaawtama a*® 
Mow optima* 

%* tm^m/oun dharsct^ristic Cor activation aaasgyt lar 
the oxidation of awwnia hy TUtrosomoftas seas© to he if# 150 
nalgjrtnei* and that for the «rt 3 atic® of nitrite hy Mltrcteeter to 
ho If* 600 eaU^aele* 

#* danefatAoB time of hitsoaosoiias varied fra® o«?2 4sf@ 
to a nmMmsm of $*8 days* ana that of liitrohaotor varied tern 
0*ta days to S*3 days* 
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